Mobile Web pISSN 2093-4777 eISSN 2093-6931 INTERNATIONAL NEUROUROLOGY JOURNAL Purpose: To evaluate the outcomes of sacral neuromodulation (SNM) after failure of transcutaneous posterior tibial nerve stimulation (TPTNS) in patients with overactive bladder (OAB).
INTRODUCTION
The global prevalence of overactive bladder (OAB) in France has been estimated to be 14.4% in 2016 [1] and some predicted it could reach 20% in the worldwide population in 2018 [2] . This is a public health concern because it affects patients' quality of life and is a significant economic burden [3] .
Various algorithms of management have been proposed in the past years; current French and international guidelines recommend: behavioral therapy and lifestyle changes as a first-line treatment, then pharmacological treatments (i.e., anticholinergics or beta-3 adrenergic receptor agonists) as second lines therapeutic options. Botulinum toxin A intradetrusor injections (BoNT), sacral neuromodulation (SNM), or posterior tibial INJ Int Neurourol J December 31, 2019 nerve stimulation (PTNS) is the third-line therapeutic options before invasive surgery [4] [5] [6] .
Percutaneous PTNS (PPTNS) has been proven effective in patients with OAB in several randomized controlled trials versus sham, anticholinergics, and lifestyle modification [7] . A percutaneous needle is used by the care provider to stimulate the tibial nerve once weekly. Because of its relative invasiveness, it has been considered as a third-line therapy. Fifteen years ago, a less invasive and cheaper method was proposed to stimulate the posterior tibial nerve using 2 surface electrodes.
Transcutaneous PTNS (TPTNS) has recently been shown to be noninferior compared to PPTNS [8] . Many prospective studies have demonstrated TPTNS efficacy and excellent safety profile [9] [10] [11] . In many Europeans centers TPTNS is offered earlier than PPTNS in the OAB therapeutic algorithm.
When TPTNS fails, BoNT or SNM are considered as a thirdline therapy. Both are supported by high-level of evidence studies and the ROSETTA (Refractory Overactive Bladder: Sacral Neuromodulation vs Botulinum Toxin Assessment) trial has shown that they have similar efficacy at 2 years [12] .
The mechanisms of action of PTNS and SNM are not fully elucidated but both are assumed to modulate bladder afferent signaling and central neural control of the micturition reflex [13, 14] . In daily practice, some urogynaecologists are reluctant to offer SNM when PTNS has failed, assuming that it could have low chance of success by relying on similar mechanisms of action. However, no study has yet aimed to assess the outcomes of SNM in patients who did not respond to PTNS [15] . The objective of this study was to evaluate the outcomes of SNM in patients previously treated with TPTNS.
MATERIALS AND METHODS

Study Design
After Institutional Review Board approval (Commission Nationale de l'Informatique et des Libertés, No. 2216079), we conducted a retrospective study in 3 French University Hospitals. The patients included were above 18 years of age, and had OAB symptoms treated between October 2008 and May 2018 initially with TPTNS and subsequently with SNM. We excluded patients with previous surgery for OAB (i.e., SNM or BoNT) and other indications of SNM (bladder pain syndrome, nonobstructive urinary retention, and fecal incontinence). TPTNS was used as first-line therapy or second-line therapy after failure of pharmacological treatments. SNM was offered after TPTNS at the physicians' discretion because of either lack of TPTNS efficacy, difficulty of TPTNS utilization or patients' preference.
Pretreatment Evaluation
All patients had a complete urological investigation before treatment with TPTNS. The following data were recorded: past medical history and physical examination, number of pads, bladder diary data. The severity of symptoms was evaluated with the Urinary Symptom Profile (USP) score and the USP-OAB subscore [1] . All patients underwent urodynamics before TPTNS initiation.
Transcutaneous Posterior Tibial Nerve Stimulation
Technique TPTNS was performed with a UROstim Schwa medico 2 (Schwa-medico France, Rouffach, France) in all departments. The patients were taught how to use the device by a urology nurse specialist in a 1-hour session. After this session, they carried out TPTNS at home by themselves.
The device is composed of a stimulator connected to 2 surface electrodes (diameter, 50 mm) positioned 5 cm above the medial malleolus and 2 cm over the path of the tibial nerve. An electric bipolar stimulation was set to a frequency of 10 Hz and an impulsion of 150 micros for 20 minutes once or twice daily.
Follow-up
Patients were seen at 3 and 6 months to assess treatment efficacy based on bladder diary, physical examination and USP score. There was no repeat urodynamic investigation. Depending upon treatment's efficacy and patient's compliance, TPTNS was either stopped or continued after these 2 visits.
Sacral Neuromodulation
Technique
Staged implant was used for all SNM. During stage 1, under general anesthesia, the S3 nerve root was stimulated with a tinned lead placed under fluoroscopic guidance. When a satisfactory motor response was obtained, the tinned lead was connected with a temporary external stimulator device for a test period of seven to 14 days.
Patients who achieved at least 50% objective (USP score, bladder diary) and/or subjective improvement were implanted with the SNM definitive device (InterStim II, Medtronic, Minneapolis, MN, USA).
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Follow-up Postoperative complications after stages 1 and 2 were recorded. Patients were evaluated clinically on a regular basis with no standardized follow-up protocol.
Outcomes
The following patients' characteristics were collected: sex, age, bladder diary, and urodynamic parameters.
The primary endpoint was the proportion of patients who achieved at least 50% objective and/or subjective improvement during stage 1 and underwent Interstim II implantation. The secondary outcomes of interest were change of the number of diurnal voids and nocturia episodes per 24 hours between the end of TPTNS and stage 1.
Statistical Analysis
Means and standard deviations were reported for continuous variables, and proportions for nominal variables. Comparisons between groups were performed using the χ 2 test or Fisher exact test for discrete variables, and Mann-Whitney test for continuous variables as appropriate. Change of continuous variables over time was assessed using the paired Student t-test and change of categorical variables over time was assessed using the McNemar test. Statistical analyses were performed using JMP v.12.0 software (SAS Institute Inc., Cary, NC, USA). All tests were 2-sided with a level of P < 0.05 considered statistically significant.
RESULTS
Patient's Characteristics
Over the study period, 50 patients were treated with TPTNS before SNM; 6 were excluded from the final analysis because they had a neurologic condition and 1 patient because the indication for TPTNS was not OAB but nonobstructive urinary retention. The patients' characteristics are summarized in Table 1 . There were 35 women (81.4%) and the mean age of 71.4 ± 9.2 years. Twenty-five patients had detrusor overactivity on pretherapeutic urodynamic testing (58.1%) and the mean maximum cystometric capacity was 229.3 ± 116.2 mL. On baseline bladder diary, the mean numbers of diurnal voids/24 hr, of urgency/24 hr and of nocturia episodes/24 hr were 10.8 ± 4.3, 3.8 ± 3.1, and 2.8 ± 1.8, respectively. The mean USP score (/39) and USP-OAB subscore (/21) at baseline were 18.5 ± 6.3 and 12.3 ± 3.6, respectively. TPTNS was used as the first-line OAB treatment in 4 patients (9.3%). All other patients had failed at least one OAB medication (antimuscarinic and/or beta3-agonist) and/or behavioral therapy.
TPTNS Outcomes
Overall, TPTNS was poorly effective. After a median 169.5 days of TPTNS daily use, none of the patients had achieved a 50% improvement of OAB symptoms according to the USP-OAB subscore. The USP-OAB subscore decreased by 2.9% on average between the pretreatment visit and the last TPTNS visit, from 12.4 to 11.8 which was not statistically significant (P = 0.27). The USP score decreased from 18.1 at baseline to 17.3 at the last TPTNS visit which was not statistically significant (P = 0.37). The mean daytime frequency did not decrease significantly, being 11.1/day at baseline and 10.3/day at the last TPTNS visit (P = 0.12). Similarly, the mean number of nocturia episodes remained relatively stable, being 2.8/night at baseline and 2.5/night at the last TPTNS visit (P = 0.61). The mean number of urgency/24 hr did not change significantly being 3.8/day at baseline and 5/day at the last TPTNS visit (P = 0.53).
SNM Outcomes
Overall, 28 of the 43 patients included achieved at least 50% objective and/or subjective improvement during stage 1 and underwent an Interstim II implantation (65.1%). The mean daytime frequency decreased significantly from 10.3/day at the end of TPTNS to 7.8 diurnal voids/day at the end of SNM stage 1 (P = 0.01) (Fig. 1) . The mean number of nocturia episodes decreased from 2.5/night at the end of TPTNS to 2.1/night at the 
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Int Neurourol J December 31, 2019 end of stage 1, but this did not reach statistical significance (P =0.18) (Fig. 2) . The mean number of urgency dwindled from 5/day at the end of the TPTNS courses to 2.4/day at the end of stage 1 (P = 0.06). Two patients had their neuromodulator explanted due to loss of efficacy after 24 and 40 months respectively. After a median follow-up period of 22.5 months, 12 of the 28 implanted patients (42.9%) had recurrence of their OAB symptoms and 7 elected to undergo a subsequent OAB treatment: 4 received botulinum toxin A intradetrusor injections, 1 switched back to antimuscarinics, 1 to beta-3 agonists, and 1 to TPTNS.
Adverse Events
No patients stopped TPTNS treatment because of side effects and only 2 because of difficulty in handling the device. The sacral neuromodulator was explanted in 2 patients because of infection.
Predictive Factors of SNM Efficacy
Patients who achieved at least 50% objective and/or subjective improvement during stage 1 and underwent an Interstim II implantation tended to have smaller improvement with TPTNS as assessed by the USP-OAB subscore (2.5% vs. -15.1%, P = 0.13) ( Table 2 ) and a shorter duration of TPTNS utilization (142.4 days vs. 207.4 days, P = 0.11). Patients who underwent Interstim II implantation tended to have more severe daytime frequency at baseline (11.6 vs. 9.5, P = 0.06). There was no other parameter significantly associated with response to SNM ( Table 2) . 
DISCUSSION
Our study is the first to assess the outcomes of SNM in OAB patients previously treated with PTNS. We found that SNM can provide significant improvement in patients who failed TPTNS and did not evidence statistically significant association between the response to TPTNS and the efficacy of SNM. PTNS has become over the past decade a well-accepted third-line therapeutic option in patients with OAB [4, 6, 16] . The stimulation could be delivered to the posterior tibial nerve through 2 distinct routes: using a fine needle (PPTNS) or using a surface electrode (TPTNS). While sham-controlled randomized trial supporting the use of each of these 2 approaches for OAB do exist, the worldwide spread of transcutaneous-PTNS remains more limited despite significant possible advantages such as lower invasiveness and costs. Our cohort confirmed the excellent safety profile of TPTNS with no adverse events noted, no withdrawal for tolerance issues and only 2 discontinuations because of difficulty in handling the TPTNS device. Over the past decade, a growing number of randomized controlled trials have demonstrated the efficacy of TPTNS in patients with OAB [7] . Recently Ramírez-García et al. [8] showed that TTNS is not inferior than PTNS. As a result of these compelling evidence and of its noninvasiveness TPTNS is likely to move earlier in the OAB therapeutic algorithm as other studies already suggest [7, 8, 17] . Hence it is possible that clinicians face an increasing number of OAB patients who failed TPTNS and that the clinical issue addressed here, i.e., is SNM a relevant third-line therapy in this patients' population, becomes relatively common in daily practice.
In our study, 28 patients (65.1%) had a definitive implantation of SNM after stage 1. While this implantation rate is slightly lower than the one from the Insite trial [18] , similar rates of implantation have been found in other "real life" series [14] . The other outcomes we observed with significant decrease in daytime frequency and nocturia and a maintained improvement in about 60% of patients after a median follow-up period of 22.5 months is in line with other SNM series and suggest that SNM might be as effective in nonresponders to TPTNS as in other patients' populations.
Currently, the mechanisms of action of TTNS and SNM are not well known [19] . Both treatments act on afferent pathways from the bladder [20] and might act through a similar mechanism of neuronal modulation, however the absence of a correlation between TTNS and SNM efficacy in our series seems to contradict this theory. Weissbart et al. [21] recently demonstrated a change of brain activity after SNM and 10 years ago, Finazzi-Agrò et al. [22] demonstrated a modification of cerebral plasticity after tibial nerve stimulation. Both had an impact on the central nervous system. One could hypothesize that SNM effect could add up to PTNS, further modulating central nervous system plasticity. In such a theory, TPTNS could be regarded as a "neoadjuvant" noninvasive therapy maximizing the chance of success of SNM. However, our findings would suggest the opposite. The tendency towards lower response to TPTNS of patients who were later implanted with Interstim II would indicate that TPTNS and SNM might rely on similar mechanisms of action and that effective TPTNS may diminish the amplitude of effect of SNM. Hence, hypothetically, some patients might not reach the 50% improvement threshold and be denied SNM implantation while they could have experienced greater improvement during stage 1 if naive of any nerve stimulation. Further data are needed to elucidate the possible overlap in SNM and TPTNS effect and mechanisms of action.
Our study did not include a proper control group treated with intradetrusor injections of botulinum toxin. This was mostly due to the relatively recent approval of intradetrusor botulinum toxin injections for OAB in France (June 2014) and inherent limited number of patients treated with botulinum toxin after TPTNS in the 3 participating institutions. Intradetrusor botulinum toxin injections having become the direct contender of SNM as first-line therapies for OAB, data on its efficacy would be of interest even though the very different mode of action of TPTNS and intradetrusor botulinum toxin would make overlapping lack of efficacy very unlikely.
Our study has several limitations that should be acknowledged. Current guidelines recommend that Interstim II should be implanted in patients with a 50% objective and/or subjective improvement after stage 1 [14] . We used this outcome as a surrogate of SNM efficacy which might be regarded as a drawback. Unfortunately, as in most retrospective series, some data were missing which prevents to assess the impact of SNM using validated questionnaires. The lack of other parameters assessing objective and subjective improvement or quality of life scores over post SNM implantation follow-up was a limitation of the present study. Our study did not include a proper control group (e.g., treated with intradetrusor injections of botulinum toxin) which might be regarded as a limitation. This was mostly due to the relatively recent approval of intradetrusor botulinum toxin injections for OAB in France (June 2014) and inherent
